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Summary

Respiratory syncytial virus (RSV) is the primary
cause of lower respiratory tract infections among
infants and children globally. Many vaccinology
approaches have been assessed in rodent and
primate models, however, no vaccines have been
approved and there are limited effective antiviral
agents available. This review aims to critically
analyse the potentials of small interfering RNA as
alternative treatment approaches in RSV. Online
databases, both freely accessible and subscription
based were searched through the University of Putra
Malaysia's library. The search was limited to full
research articles, review articles and meta-analyses,
and articles were selected based on their relevance. A
total 1352 articles were screened, however, only 823
were found to be relevant for this review and 65 have
been cited here. Small interfering RNA is
advantageous for developing antiviral treatments
because of its ability to acts at the nucleotide level.
This provides information needed to design
therapeutic RNAi, which can subsequently
accelerate the rate at which potential therapies enter
the drug development industries. The antiviral effect
of RNAi usually occurs through specific biochemical
inhibition of viral protein function. The main
components in RNAi drugs have proved efficient at
inhibiting RSV, and multiple siRNA can be designed
to silence the targeted viral genes and target the sites
of infection.
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Introduction

Respiratory syncytial virus (RSV) is an enveloped,
negative-strand and non-segmented RNA virus. The
World Health Organization (WHO) and the Centre
for Disease Control and Prevention have reported
that this virus is the primary cause of lower
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respiratory tract infections (LRTI) in infants and
children globally. Approximately 80% of infants are
infected with RSV during their first year of life with a
peak incidence between 2 and 6 months . Fever,
coughing, coryza, expiratory wheezing and
respiratory distress are characteristic features of RSV
that causes upper and LRTIs. Severe RSV infections
could develop into bronchiolitis and pneumonia
which may eventually lead to death. Reinfection
normally occurs due to low levels of serum
neutralizing antibodies produced by the RSV
protection mechanism Direct contact with
secretions and fluids from infected bodies is the mode
of transmission for this infectious virus. Thus
frequent hand washing, isolation of infected patients
and contact precautions remain the best preventative
actions.

Aerosolized ribavirin, a specific antiviral agent, has
been used in patients with severe RSV infections ;
however, its ability to reduce hospitalization and
mortality has not been proven and therefore its use is
limited. Apart from the high costs of administering
this drug, the long-term side effects on health care
workers remain unknown, especially its effect during
pregnancy. A novel compound called RSV604 is
currently in phase II clinical trials. It is a
benzodiazepine with sub-micromolar anti-RSV
activity and is active against clinical isolates .
Palivizumab, a monoclonal antibody that targets the
viral F protein by recombinant DNA technology, has
been used as a prophylaxis agent against RSV
infections. It is recommended for use in high risk
infants with chronic lung disease or congenital heart
disease, especially those born prematurely.
Intramuscular administration of palivizumab once
per month during the RSV season has been shown to
reduce the risk of hospitalization by 45%—55% .

As the vaccine approach remains a long way
off, and with the limited availability of efficient
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antiviral agents, identifying alternative RSV
treatments is of great important. The use of RNA
interference (RNAI) is a good strategy for fighting
viral infections as RNAi are natural defence
mechanisms that the innate immune system uses to
fight viruses . Therefore, this review aims to critically
analyse the potentials of small interfering RNA as
alternative treatment approaches in RSV infection.

Methodology

The search for refereed journal articles was
performed using the University of Putra Malaysia's
online subscription databases using Medline,
SCOPUS and Google Scholar. All publications were
in English; duplicates, abstracts, conference
proceedings, comments and short communications
were excluded. The original search result gave 1352
results of which only 823 were found to be relevant
for this review. Of these, 67 articles were selected
based on their relevance to the topic under review

Respiratory Syncytial Virus

RSV is a pleomorphic, enveloped, non-segmented
and cytoplasmic virus that contains single-stranded,
negative-sense RNA. The RNA is associated with
viral proteins, consisting of a nucleocapsid core
wrapped within a lipid envelope. RSV belongs to the
Paramyxoviridae family and is classified in the
Pneumovirus genus . There are two Paramyxoviridae
subfamilies: Paramyxovirinae, which includes
measles, mumps and parainfluenza; and
Pneumovirinae, which includes most of the RSV
viruses (e.g. human RSV, bovine RSV and
metapneumovirus). Distinctive characteristics of
Pneumovirus that differentiate it from other members
of'the Paramyxoviridae family are the presence of the
second matrix protein (M2) and enveloped proteins
without hemagglutinin or neuraminidase activity .

RSV was first isolated from a group of flu-affected
chimpanzees in 1956 . 'Chimpanzee coryza agent'

was named following the recovery of a cytopathic
agent from these chimpanzees. Remarkably, humans
who made direct contact with the chimpanzees were
also infected with the virus and showed symptoms of
coryza and acute upper respiratory tract illness,
although this was reported to be less chronic than in
the chimpanzees. The same virus was subsequently
isolated from children with respiratory illness.
Serologic studies indicated that the infection in
infants and children was common; however, in a
paediatric setting, RSV was found to be the main
pathogen causing serious respiratory illness globally.

There are two subtypes of RSV: antigenic subtype A
(RSV-A) and antigenic subtype B (RSV-B). These
subtypes are differentiated via their molecular
genetic differences and the reaction of monoclonal
antibodies against the G and F glycoproteins . It has
also been shown that strains of subtype A are more
virulent and usually more predominant than subtype
B strains, and both virus subtypes cocirculate .
However, the predominant strains vary across
different locations and may shift from year to year .
Variation in the circulation patterns of RSV strains
helps them to evade immunity; for example, the strain
cluster of subtype A and B . The variability of this
viral strain also helps it to alter the pathogenicity and
action of the virus which later leads to repeated
infections and outbreaks

Virus Protein

The phenotypic profile of RSV is characterized by the
number of genes, the surface glycoproteins and the
helix diameter. The genome encodes 11 proteins: nine
structural and two non-structural. The large
glycoprotein G (attachment protein) is a disulphide-
bonded glycoprotein, and the F glycoprotein (fusion
protein) is the major antigenic determinant of the
virus (Figure 1). (Modified from Cox and Williams,
2013)
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Figure 1: Schematic morphology of RSV with various forms of viral protein.

The G protein is responsible for virus attachment,
whilst viral penetration and syncytium formation are
mediated by the F protein. These two proteins are the
only ones that induce neutralizing antibodies that
cause an accumulation of mutations in response to
host immunological pressure (Connors et al., 1991).
The SH (small hydrophobic protein), M (matrix

RSV

protein) and M2 proteins are envelope-associated
proteins; the N (nucleoprotein), P (phosphoprotein)
and L (nucleoprotein) proteins are present in the RSV
nucleocapsid; and NS1 and NS2 are non-structural
proteins found in infected cells but not in the virion as
shown in Figure 2. (Ruuskanen and Ogra, 1993).
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Figure 2: Representation of Respiratory Syncytial Virus genome organization. The RNA genome encodes

for 11 proteins; 9 structural and 2 non-structural
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The RSV M2-2 protein is a small (90 amino acids for
strain A2) protein encoded by a second downstream
open reading frame (ORF) in the M2 mRNA which
slightly overlaps the 5’ proximal M2-1 ORF. The M2-
2 protein is responsible for the regulatory 'switch'
from transcription to RNA replication. It initially
provides high levels of mRNA synthesis followed by
the synthesis of RNA in favour of genomic RNA for
virion assembly. Bermingham and Collins (1999)
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found that recombinant RSV lacking M2-2 grows
less efficiently than wildtype.

Replicative Cycle

Viral entry occurs when the viral envelope fuses with
the cell membrane. The initiation interaction occurs
when the RSV G protein binds to a polysaccharide in
the host cellular matrix that contains repeating
disaccharide subunits (Figure 3).
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Figure 3: Viral life cycle. Pattern recognition receptors are able to target multiple steps in the viral life cycle

(Modified from: Sakumaetal., 2012).

In addition to GAGs, a number of other cellular
proteins have also been implicated in RSV infection
in vitro, including intercellular adhesion molecule-1,
RhoA, the CX3CR chemokine receptor and annexin
II . Following the initiation interaction, the F protein
interacts with RhoA to mediate virus attachment.
Viral replication and gene expression occur in the
cytoplasm where the nucleocapsid and genetic
material are released. The M2-2 gene is responsible
for the switch from transcription to the production of
genomic RNA. The polymerase then enters the
genome at its 3’ end and the genes are transcribed into
mRNA. A polar transcription gradient leads to the

more frequent transcription of genes at the beginning
of the promoter compared with downstream genes.
Replication serves as a template for genome
synthesis as it generates an antigenome (e.g. a
complete positive-sense RNA complements of the
genome). The genome and antigenome must be
coated with the N-protein in order for RNA synthesis
to occur. Next, the M protein regulates the assembly
of RSV by interacting with F, G and nucleocapsid
proteins (N, P and M2-1). An envelope derived from
the membrane is required by the newly synthesized
protein, which leads to self-assembly and budding.
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The viral mRNAs and proteins can be detected
intracellularly within 4-6 hours of infection. The
accumulation of mRNA plateaus at 14—18 hours. This
apparent transcription shut-off may be due to the M2-
2 protein, which appears to shift the balance of RNA
synthesis from transcription to RNA replication.
Using this hypothesis, Ruuskanen and Ogra (1993)
concluded that the accumulation of M2-2 during
infection increasingly favours RNA replication over
transcription. The release of progeny viruses begins
at 10—12 hours post infection reaches a peak after 24
hours and continues until the cells deteriorate at
30-48 hours.

Disease Associated with RSV

RSV isrecognized as the primary cause of respiratory
tract infections in children less than 2 years old and
the majority (80%-90%) of infants experience at
least one RSV infection within the first 2 years of life .
Primary RSV infection occurs early in life and is most
likely to affect the lower respiratory tract. Infected
body secretions and fluids are the mode of
transmission for this infectious virus. Past RSV
infections provide immunity against reinfection from
viruses within the same subgroup ; however,
protection against natural infection is incomplete and
is correlated with low levels of serum neutralizing
antibodies . Symptoms of mild RSV respiratory
infections are similar to those produced by the
common cold, whilst severe cases of RSV infection
cause symptoms such as expiratory wheezing, otitis
media, bronchiolitis and pneumonia .

RSV is the primary cause of bronchiolitis in
young children, whilst pneumonia is the most
common feature in infected elderly patients. Severe
symptoms of RSV-mediated LRTIs may be persistent
and chronic compared to other viruses . Of all
children hospitalised for bronchiolitis, pneumonia
and tracheobronchitis, RSV is responsible for
50%-90%, 5%—-40% and 10%—-30% of admissions,
respectively. Moreover, children with lung and heart
disease are at high risk of contracting severe RSV
infections that could lead to death.

Diagnosis

Early diagnosis is advantageous because it allows
isolation measures to be implemented to limit the
spread of the infection (i.e. in a hospital setting or
nursing home). Identification of the virus using cell
culture practices remains the most reliable method .
Specimens are best obtained by aspiration or gentle
washing out of nasal or nasopharyngeal secretions or
by nasal swabs. The nature of the virus requires that
samples be kept cold, not freeze-thawed and be
inoculated onto cell monolayer cultures sensitive to
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RSV as quickly as possible. The development of RSV
cytopathology requires 3—7 days of incubation;
however, culture-based detection can be made to be
more rapid and efficient through the use of
immunofluorescence and shell vial culture . Rapid
diagnostic methods involve the detection of viral
antigens or nucleic acids in secretion samples.

In RSV enzyme-linked immunosorbent assay
(ELISA), samples containing respiratory secretions
are incubated briefly with an RSV-specific antibody .
In direct immunofluorescent assays (DFA),
secretions containing exfoliated cells are reacted with
fluorescent RSV-specific antibodies and examined
by microscopy ; however, DFA requires specialized
equipment (e.g. a fluorescence microscope) and
greater expertise. RT-PCR assays are commercially
available for RSV and the sensitivity of these tests
can equal or exceed that of cell culture or antigen-
based assays. For example, the sensitivity and
specificity of RSV RT-PCR assays has been reported
to be over 90% . Studies have shown that testing
using RT-PCR is particularly advantageous for adults
as the nasopharyngeal titre of infectious virus may be
low despite illness . The N gene of RSV is often used
as the target for nucleic acid-based assays because of
its high level of conservation and transcription.
Sequence polymorphisms that distinguish between
RSV genotypes A and B have been used to design
genotype-specific primers or probes for RSV

genotyping .

Treatment and Prevention of RSV Infection

There is currently no effective RSV antiviral
treatment, therefore supportive therapy is still the
basis of care for hospitalized children (i.e.
administration of supplemental oxygen, mechanical
ventilation and fluid replacement). However,
ribavirin, the Food and Drug Administration (FDA)
approved drug, has been used to manage complicated
cases of RSV infection alongside intravenous
immunoglobulin . The search for a preventative
treatment is still ongoing with palivizumab being the
only drug approved for use in selected patient
populations in the United States . Additional vaccines
that will help to reduce disease severity in infants and
children are also being searched for. Ribavirin
therapy has proved to be most beneficial in critically
ill patients that rely on mechanical ventilation as well
as in recipients of lung transplants; however, the
aerosolization risk of ribavirin remains an issue.
Alternative therapies using cathelicidins seem to be
promising but require further evaluation in terms of
their safety and dosing regimens . Studies involving
probiotics and vitamin D are currently of interest and,
if positive, will provide a relatively cheap and stress-



free option for children infected with RSV.

Vaccines Development

In their list of vaccines that require development, the
WHO had listed RSV as a priority due to its global
high morbidity and mortality rates ; however, the
RSV vaccine development progress has been delayed
for several reasons. Obstacles faced when developing
the RSV vaccine include the nature of the disease, the
vaccine design and its infectivity in young patients.
Vaccination is recommended in early life, ideally in
infants 1 month old or younger, as the most infective
patients are children below 6 months of age.
However, new-borns and preterm infants may not
respond favourably to immunization as their immune
system is poorly developed . Frequent reinfection
throughout life is another unfavourable observation
of RSV infection . The low number of relevant animal
models is one factor that has contributed to the failure
ofthe vaccine development strategy.

Live attenuated RSV wvaccines that can be
administered intranasally would provide immunity in
both upper and lower respiratory systems . However,
the disadvantage of this type of vaccine is that
vaccinated children with sufficient immunity may
cause viral shedding, therefore unvaccinated children
would be at risk of infection . Development of a live
genetically engineered RSV vaccine remains a
possibility .

Vaccine development research is ongoing with
studies of the F and G glycoproteins. Subunit
vaccines containing purified F and G glycoproteins
or novel chimeras of F and G glycoproteins are being
produced and may be appropriate for use in some
high risk populations . Research is also being
conducted into the feasibility of introducing plasmid
cDNA encoding reporter-tagged virus genes into
mammalian muscle tissue. These compounds have
been found to be present for months after their initial
introduction into the tissue . This prolonged effect
may be useful for allowing an immune response to
develop in new-borns as maternal antibody levels
decline.

Choice of Genes and Disease to Target

RNAI has had a great impact in treating diseases in
which affected cells have RNAi machinery, as well as
in diseases caused by the exaggerated expression of a
dominant gene . Most studies have focused on
diseases that have not been cured by current
therapies, such as cancer, neurodegenerative
diseases, viral infections and macular degeneration .
Due to the antiviral response of RNAI, viral infection
becomes a complex process especially in plants and
lower organisms. Therefore, the potential for genetic

mutations to escape from RNAi needs to be taken into
account during viral infection and cancer formation.
A number of alternative studies have been carried out
such as targeting multiple genes at once, targeting
essential genes or targeting highly conserved
sequences in which mutations would enhance viral
fitness or tumour cell survival .

Advantages of RNAi

Public health is currently seriously threatened by
known and emerging viruses, and not all vaccines can
provide protection against entire virus species. RNAi
has been an outstanding candidate for clinical use as it
has proven effective in in vitro studies and in animal
models at low doses . RNAi has two major
advantages for the development of antiviral
treatments: Firstly, it acts at nucleotide level, which
provides information needed to design therapeutic
RNAI that can later accelerate the rate at which
potential therapies enter drug development
industries. Secondly, antiviral molecules usually act
by specific biochemical inhibition of viral protein
function by simultaneously interacts with a host
factor that tends to cause detrimental side effects that
could impact on patient health and compliance. To
date, only mRNA has been identified as the target for
RNAI during the replication of negative-strand RNA
viruses such as influenza A, hepatitis delta virus, RSV
influenza , hepatitis C coronavirus , herpes simplex
virus 2 , hepatitis A, HIV and Ebola . These studies
provide proof of principle that a novel class of RNAi-
based prophylactic and therapeutic strategies can be
used against acute and chronic viruses.

Conclusion

In recent years, alternative approaches to inhibit
human viruses using RNAi technology have
continued to develop in both industry and academia.
Small interfering RNAi (siRNA), the main
components in RNA1 drugs, have proved efficient at
inhibiting RSV, and multiple siRNA can be designed
to silence the targeted viral genes and target the sites
of infection. RNAIi drugs are effective regardless of
the immune status, therefore this drug therapy is
applicable for use in patients who are often
susceptible to severe disease (i.e. young, elderly or
immunocompromised individuals) caused by RSV
infection.

References

Anderson, L.J., Hierholzer, J.C., Tsou, C., Hendry,
R.M., Fernie, B.F., Stone, Y. and McIntosh, K.
(1985). Antigenic characterization of respiratory
syncytial virus strains with monoclonal
antibodies. Journal of Infectious Diseases;

SIMLS Volume 3, Number 2, June, 2018 Page 33



SJMLS

151(4): 626-633.

Behera, A.K., Matsuse, H., Kumar, M., Kong, X.,
Lockey, R.F. and Mohapatra, S.S. (2001).
Blocking intercellular adhesion molecule-1 on
human epithelial cells decreases respiratory
syncytial virus infection. Biochemical and
Biophysical Research Communications; 280(1):
188-195.

Bermingham, A. and Collins, P.L. (1999). The M2-2
protein of human respiratory syncytial virus is a
regulatory factor involved in the balance between
RNA replication and transcription. Proceedings
of the National Academy of Sciences; 96(20):
11259-11264.

Calderaro, A., Arcangeletti, M.C., Rodighiero, I.,
Buttrini, M., Montecchini, S., Simone, R. V. and
De Conto, F. (2016). Identification of different
respiratory viruses, after a cell culture step, by
matrix assisted laser desorption/ionization time of
flight mass spectrometry (MALDI-TOF MS).
Scientific Reports:6.

Chapman, J., Abbott, E., Alber, D.G., Baxter, R.C.,
Bithell, S.K., Henderson, E.A. and Cockerill, G.S.
(2007). RSV604, a novel inhibitor of respiratory
syncytial virus replication. Antimicrobial Agents
and Chemotherapy; 51(9): 3346-3353.

Chin, V., Aziz, N. A. A., Hudu, S. A., Harmal, N. S.,
Syahrilnizam, A., Jalilian, F. A. and Zamberi, S.
(2016). Design and validation of small interfering
RNA on respiratory syncytial virus M2-2 gene: A
potential approach in RNA interference on viral
replication. Journal of Virological Methods; 236:
117-125.

Choudhary, M.L., Anand, S.P., Tikhe, S.A., Walimbe,
AM., Potdar, V.A., Chadha, M.S. and Mishra,
A.C. (2016). Comparison of the conventional
multiplex RT-PCR, real time RT-PCR and
Luminex xXTAG® RVP fast assay for the detection
of respiratory viruses. Journal of Medical
Virology; 88(1): 51-57.

Collins, P. L., & Melero, J. A. (2011). Progress in
understanding and controlling respiratory
syncytial virus: still crazy after all these years.
Virus Research; 162(1): 80-99.

Collins, P. L. and Murphy, B. R. (2002). Respiratory
syncytial virus: reverse genetics and vaccine
strategies. Virology; 296(2): 204-211.

Connors, M., Collins, P., Firestone, C. and Murphy,
B. (1991). Respiratory syncytial virus (RSV) F, G,
M2 (22K), and N proteins each induce resistance
to RSV challenge, but resistance induced by M2
and N proteins is relatively short-lived. Journal of
Virology, 65(3): 1634-1637.

Cox, R. G. and Williams, J. V. (2013). Breaking in:
human metapneumovirus fusion and entry.

SIMLS Volume 3, Number 2, June, 2018 Page 34

Viruses; 5(1): 192-210.

Crowe, J. and Englund, J.A. (2000). Future
prevention strategies. Contemporary diagnosis
and management of respiratory syncytial virus.
Handbooks in Health Care, PA: 176-200.

Cui, G., Zhu, R., Qian, Y., Deng, J., Zhao, L., Sun, Y.
and Wang, F. (2012). Genetic variation in
attachment glycoprotein genes of human
respiratory syncytial virus subgroups a and B in
children in recent five consecutive years. PloS
One; 8(9): €75020-75020.

De Clercq, E. (2006). Antiviral agents active against
influenza A viruses. Nature Reviews Drug
Discovery; 5(12): 1015-1025.

de Fougerolles, A., Manoharan, M., Meyers, R. and
Vornlocher, H.P. (2005). RNA interference in
vivo: toward synthetic small inhibitory RNA-
based therapeutics. Methods in Enzymology;
392:278-296.

Dykxhoorn, D. M., & Lieberman, J. (2005). The
silent revolution: RNA interference as basic
biology, research tool, and therapeutic. Annual
Review of Medicine;56:401-423.

Fauquet, C.M., Mayo, M.A., Maniloff, J.,
Desselberger, U. and Ball, L.A. (2005). Virus
taxonomy: VIIIth Report of the International
Committee on Taxonomy of Viruses: Academic
Press.

Feltes, T.F., Cabalka, A.K., Meissner, H.C., Piazza,
F.M., Carlin, D.A., Top, F.H. and Group, C.S.S.
(2003). Palivizumab prophylaxis reduces
hospitalization due to respiratory syncytial virus
in young children with hemodynamically
significant congenital heart disease. The Journal
of Pediatrics; 143(4): 532-540.

Fleming, D.M., Pannell, R. S., Elliot, A.J. and Cross,
K.W. (2005). Respiratory illness associated with
influenza and respiratory syncytial virus
infection. Archives of Disease in Childhood;
90(7): 741-746.

Geisbert, T.W., Lee, A.C., Robbins, M., Geisbert,
J.B., Honko, A.N., Sood, V. and Judge, A. (2010).
Postexposure protection of non-human primates
against a lethal Ebola virus challenge with RNA
interference: a proof-of-concept study. The
Lancet; 375(9729): 1896-1905.

Ghildyal, R., Li, D., Peroulis, 1., Shields, B., Bardin,
P.G., Teng, M. N., ... Mills, J. (2005). Interaction
between the respiratory syncytial virus G
glycoprotein cytoplasmic domain and the matrix
protein. Journal of General Virology; 86(7): 1879-
1884.

Glezen, W. P, Taber, L. H., Frank, A. L., & Kasel, J.
A. (1986). Risk of primary infection and
reinfection with respiratory syncytial virus.



SJMLS

American Journal of Diseases of Children;
140(6): 543-546.

Graham, B.S. (2016). Vaccines against respiratory
syncytial virus: The time has finally come.
Vaccine; 34(30): 3535-3541.

Green, C.A., Scarselli, E., Sande, C.J., Thompson,
AlJ., de Lara, C.M., Taylor, K.S. and Siani, L.
(2015). Chimpanzee adenovirus—and MVA-
vectored respiratory syncytial virus vaccine is
safe and immunogenic in adults. Science
Translational Medicine, 7(300): 300ral26-
300ral26.

Grimwood, K. and Chang, A.B. (2015). Long-term
effects of pneumonia in young children.
pneumonia: A Peer Reviewed Open Access
Journal; 6:101-114.

Haasnoot, J., Westerhout, E.M. and Berkhout, B.
(2007). RNA interference against viruses: strike
and counterstrike. Nature Biotechnology; 25(12):
1435-1443.

Hall, C.B. (2001). Respiratory syncytial virus and
parainfluenza virus. New England Journal of
Medicine; 344(25): 1917-1928.

Hall, C.B., Walsh, E.E., Long, C.E. and Schnabel,
K.C. (1991). Immunity to and frequency of
reinfection with respiratory syncytial virus.
Journal of Infectious Diseases; 163(4): 693-698.

Hudu, S.A., Shinkafi, S.H. and Shuaibu, U. (2016).
An overview of recombinant vaccine technology,
adjuvants and vaccine delivery methods.
International Journal of Pharmacy and
Pharmceutical Science; 8: 19-24.

Johnston, S. and Siegel, C.S. (1990). Evaluation of
direct immunofluorescence, enzyme
immunoassay, centrifugation culture, and
conventional culture for the detection of
respiratory syncytial virus. Journal of Clinical
Microbiology; 28(11): 2394-2397.

Karron, R.A., Wright, PF., Crowe, J.E., Mann,
M.L.C., Thompson, J., Makhene, M. and Murphy,
B.R. (1997). Evaluation of two live, cold-
passaged, temperature-sensitive respiratory
syncytial virus vaccines in chimpanzees and in
human adults, infants, and children. Journal of
Infectious Diseases;176(6): 1428-1436.

Kaur, T., Singh, J., Tong, S., Humphrey, C.,
Clevenger, D., Tan, W., . . . Alex Muse, E. (2008).
Descriptive epidemiology of fatal respiratory
outbreaks and detection of a human(Jrelated
metapneumovirus in wild chimpanzees (Pan
troglodytes) at Mahale Mountains National Park,
Western Tanzania. American Journal of
Primatology; 70(8): 755-765.

Khanna, M., Saxena, L., Rajput, R., Kumar, B. and
Prasad, R. (2015). Gene silencing: a therapeutic

approach to combat influenza virus infections.
Future Microbiology; 10(1): 131-140.

Kong, X., Zhang, W., Lockey, R.F., Auais, A.,
Piedimonte, G. and Mohapatra, S.S. (2007).
Respiratory syncytial virus infection in Fischer
344 rats is attenuated by short interfering RNA
against the RSV-NS1 gene. Genetic Vaccines and
Therapy; 5(1): 1.

Korppi, M., Piippo-Savolainen, E., Korhonen, K., &
Remes, S. (2004). Respiratory morbidity 20 years
after RSV infection in infancy. Pediatric
Pulmonology; 38(2): 155-160.

Kurath, G., Batts, W. N., Ahne, W., & Winton, J. R.
(2004). Complete genome sequence of Fer-de-
Lance virus reveals a novel gene in reptilian
paramyxoviruses. Journal of Virology; 78(4):
2045-2056.

Lagos, R., DeVincenzo, J. P., Munoz, A., Hultquist,
M., Suzich, J., Connor, E. M. and Losonsky, G.A.
(2009). Safety and antiviral activity of
motavizumab, a respiratory syncytial virus
(RSV)-—specific humanized monoclonal antibody,
when administered to RSV-infected children. The
Pediatric Infectious Disease Journal; 28(9): 835-
837.

Leclair, J.M., Freeman, J., Sullivan, B.F., Crowley,
C.M. and Goldmann, D.A. (1987). Prevention of
nosocomial respiratory syncytial virus infections
through compliance with glove and gown
isolation precautions. New England Journal of
Medicine, 317(6): 329-334.

Li, B.J., Tang, Q., Cheng, D., Qin, C., Xie, F.Y., Wei,
Q. and Woodle, M.C. (2005). Using siRNA in
prophylactic and therapeutic regimens against
SARS coronavirus in Rhesus macaque. Nature
Medicine;11(9): 944-951.

Li, X., Sambhara, S., Li, C.X., Ewasyshyn, M.,
Parrington, M., Caterini, J. and Klein, M. (1998).
Protection against respiratory syncytial virus
infection by DNA immunization. The Journal of
Experimental Medicine; 188(4): 681-688.

Lowry, F. (2010). FDA panel nixes licensing request
for motavizumab. Medscape News:3.

Mahony, J. B. (2008). Detection of respiratory
viruses by molecular methods. Clinical
Microbiology Reviews; 21(4): 716-747.

Malhotra, R., Ward, M., Bright, H., Priest, R., Foster,
M. R, Hurle, M., . . . Bird, M. (2003). Isolation
and characterisation of potential respiratory
syncytial virus receptor (s) on epithelial cells.
Microbes and Infection; 5(2): 123-133.

Martinez, F.J. (2007). Pathogen-directed therapy in
acute exacerbations of chronic obstructive
pulmonary disease. Proceedings of the American
Thoracic Society; 4(8): 647-658.

SIMLS Volume 3, Number 2, June, 2018 Page 35



SIMLS (£

McCoy, D., Wong, E., Kuyumjian, A., Wynd, M.,
Sebti, R. and Munk, G. (2011). Treatment of
respiratory syncytial virus infection in adult
patients with hematologic malignancies based on
an institution[Jspecific guideline. Transplant
Infectious Disease;13(2): 117-121.

Palliser, D., Chowdhury, D., Wang, Q.-Y., Lee, S. J.,
Bronson, R. T., Knipe, D. M., & Lieberman, J.
(2006). An siRNA-based microbicide protects
mice from lethal herpes simplex virus 2 infection.
Nature; 439(7072): 89-94.

Peret, T.C., Hall, C.B., Hammond, G.W., Piedra,
P.A., Storch, G.A., Sullender, W.M. and
Anderson, L. J. (2000). Circulation patterns of
group A and B human respiratory syncytial virus
genotypes in 5 communities in North America.
Journal of Infectious Diseases, 181(6), 1891-
1896.

Radhakrishnan, S.K., Layden, T.J. and Gartel, A. L.
(2004). RNA interference as a new strategy
against viral hepatitis. Virology; 323(2): 173-181.

Ruuskanen, O. and Ogra, P.L. (1993). Respiratory
syncytial virus. Current Problems in
Pediatrics;23(2): 50-79.

Sakuma, T., Barry, Michael A., & Ikeda, Y. (2012).
Lentiviral vectors: basic to translational.
Biochemical Journal; 443(3): 603.

Saravolatz, L.D., Empey, K.M., Peebles, R.S. and
Kolls, J.K. (2010). Pharmacologic advances in the
treatment and prevention of respiratory syncytial
virus. Clinical Infectious Diseases; 50(9): 1258-
1267.

Shuaibu, H.A. and Jimoh, A.O. (2011). Assessment
of Socioeconomic, Demographic and Health
Problems of Al-Majiri in Sokoto State, North-
Western Nigeria. International Journal of Tropical
Medicine; 6(3): 58-60.

Sidwell, R. W., Huffman, J. H., GP Khare, L., Allen,
B., JT Witkowski, R., & Robins, K. (1972).
Broad-spectrum antiviral activity of virazole: 1-
f8-D-ribofuranosyl-1, 2, 4-triazole-3-
carboxamide. Science; 177(4050): 705-706.

Simoes, E. and Groothuis, J. (2002). Respiratory
syncytial virus prophylaxis—the story so far.
Respiratory Medicine; 96: S15-S24.

Simoes, E.A., Tan, D.H., Ohlsson, A., Sales, V. and
Wang, E.E. (2001). Respiratory syncytial virus
vaccine: a systematic overview with emphasis on
respiratory syncytial virus subunit vaccines.
Vaccine; 20(5): 954-960.

Stobart, C.C. and Moore, M.L. (2015). Development
of next-generation respiratory virus vaccines
through targeted modifications to viral
immunomodulatory genes. Expert Review of
Vaccines; 14(12): 1563-1572.

Tompkins, S.M., Lo, C.Y., Tumpey, T.M. and
Epstein, S.L. (2004). Protection against lethal
influenza virus challenge by RNA interference in
vivo. Proceedings of the National Academy of
Sciences of the United States of America;
101(23): 8682-8686.

Voermans, J., Deniz, S., Koopmans, M., van der Eijk,
A.and Pas, S. (2016). Performance of a molecular
diagnostic, multicode based, sample-to-answer
assay for the simultaneous detection of Influenza
A, B and Respiratory Syncytial Viruses. Journal
of Clinical Virology; 82: S34.

Voermans, J.J., Seven-Deniz, S., Fraaij, P., van der
Eijk, A. A., Koopmans, M. and Pas, S. D. (2016).
Performance evaluation of a rapid molecular
diagnostic, MultiCode based, sample-to-answer
assay for the simultaneous detection of Influenza
A, B and respiratory syncytial viruses. Journal of
Clinical Virology; 85: 65-70.

Walsh, E.E., McConnochie, K.M., Long, C.E. and
Hall, C.B. (1997). Severity of respiratory
syncytial virus infection is related to virus strain.
Journal of Infectious Diseases; 175(4): 814-820.

Weinstein, S., Toker, I. A., Emmanuel, R.,
Ramishetti, S., Hazan-Halevy, 1., Rosenblum, D.
and Bairey, O. (2016). Harnessing RNAi-based
nanomedicines for therapeutic gene silencing in
B-cell malignancies. Proceedings of the National
Academy of Sciences; 113(1): E16-E22.

Widjaja, 1., Wicht, O., Luytjes, W., Leenhouts, K.,
Rottier, P. J., van Kuppeveld, F. J. and de Haan, C.
A. (2016). Characterization of Epitope-Specific
Anti-Respiratory Syncytial Virus (Anti-RSV)
Antibody Responses after Natural Infection and
after Vaccination with Formalin-Inactivated RSV.
Journal of Virology; 90(13): 5965-5977.

Wilson, J.A. and Richardson, C.D. (2005). Hepatitis
C virus replicons escape RNA interference
induced by a short interfering RNA directed
against the NS5b coding region. Journal of
Virology; 79(11): 7050-7058.

Yang, L., Li, W., Mao, L., Hao, F., Wang, Z., Zhang,
W., and Jiang, J. (2016). Analysis on the complete
genome of a novel caprine parainfluenza virus 3.
Infection, Genetics and Evolution; 38;29-34.

credited.

Citation: Hudu, S.A. and Hamal, N.S. Small Interfering RNA and the Quest for an Effective Respiratory Syncytial Virus
Therapy. Sokoto Journal of Medical Laboratory Science;3(2): 28 - 36.

Copyright. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are

SIMLS Volume 3, Number 2, June, 2018 Page 36



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

